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Abstract 
This paper presents the design, development and results obtained with a mobile laboratory: the PV Mobile Lab. With 
the development of this powerful tool, Enertis Solar is the first IEC 17025 accredited laboratory capable of 
performing on-site test in PV modules. The PV Mobile Lab is designed to perform the following tests: visual 
inspection, Peak Power determination in STC, electrical insulation, IR Thermography and electroluminescence 
imaging.  
The design of the mobile laboratory ensures the reliability of the results as if conducted in a conventional laboratory. 
Its innovative design based on an expandable system has allowed us to implement a solar simulator of tunnel type 
(illuminated area 2x2 m2 and lamp - DUT distance 5.5 m) in a vehicle that weights less than 3,500 kg. The spectral, 
temporal and spatial (non-uniformity) stability of the simulator remain within the parameters that define it as a class 
A+A+A+ simulator. The environmental conditions during the performance of the tests are controlled and the flash 
incidence is normal to the module surface. Furthermore, due to the implementation of programmable switches, test 
sequences have been fully automated optimizing the time required for characterizing a module.  
The paper also presents the results obtained in the quality control of 500 modules tested during the commissioning 
test of 2 PV plants located in the UK.  
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1. Introduction 
1.1. Quality Control of photovoltaic modules 
The photovoltaic modules are responsible of convert the Sun energy in electric energy, so their 
importance in a photovoltaic project is essential. The success of the project depends directly on the 
performance of the modules, so it is necessary to implement a good quality control of the modules in the 
different phases of the Quality Assurance Program (QAP), see Fig 1.  
The recommended quality control was proposed in previous works [1, 2] and it consists in three tests of 
the IEC 61215:2005 and IEC 61646:2009[3, 4] and two additional inspections: 
 
x 10.1 Visual Inspection 
x 10.2 Maximum Power determination  
x 10.3 Insulation Test 
x Infrared Thermography inspection 
x Electroluminescence test 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
Fig. 1. Quality Assurance Program (QAP). Red squares indicate activities which involves modules testing 
 
The most extended procedure to control all modules of the PV plant is the sampling designed 
according an international standard [5]. In our experience, in large scale PV plants, the optimal inspection 
percentage is between 0.5% - 1.0% of the total number of modules. 
Several works analyzing the testing of big amount of modules have been published in the recent past 
years [6, 7]. In all of these publications, important differences between the peak power measured in the 
independent laboratory and the peak power declared by the manufacturer are reported. For this reason, a 
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good quality control of PV modules is necessary in all PV projects in order to reach the estimated energy 
production. 
1.2. Advantages of a mobile laboratory 
To ensure the quality of the results is highly recommended to perform the test in an IEC 17025 [8] 
accredited laboratory (especially if the purpose of the test is a claim). To do that the modules should be 
packaged and sent to the laboratory facilities. This situation can cause breakage due to transportation, 
aside from serious logistic problems.  
However, the possibility of use a mobile laboratory operated by technical staff from an accredited 
laboratory presents evident advantages. The main advantage is that production down-time due to modules 
disconnection is minimized, aside from eliminating any breakage risks due to transportation of the 
modules to the stationary laboratory. Other important advantage is that cost and problems associated to 
transport are avoided. 
But a mobile laboratory should not mean lower quality or higher uncertainty of the results. The mobile 
laboratory should keep the same quality level of tests than the stationary laboratory, but with the 
advantageous particularity of mobility. 
 
2. The PV Mobile Lab 
1.1. Concepts of design 
The PV Mobile Lab has been designed to perform the following tests: visual inspection, Peak Power 
determination in STC, electrical insulation, IR Thermography and electroluminescence imaging. The 
laboratory has been constructed with an expandable system in order to incorporate a tunnel-type solar 
simulator with illuminated area 2x2 m2 and DUT (Device Under Test)-lamp distance of  5,5 m in a 
versatile vehicle of less than de 3.500 Kg.  
The main criterions during the construction of the PV Mobile Lab were two: a) to keep the same 
quality level of tests than the stationary laboratory;   b) the construction should be as simple as possible to 
become a versatile tool. In most of cases, both criterions were faced but with the experience in the testing 
of more than 15,000 modules in the conventional laboratory and with a careful design, the purpose was 
reached. Fig. 2 shows a picture of the final construction. The design is currently patent pending. 
 
1.2. Test equipment 
2.2.1 Test 10.1 (IEC 61215/IEC 61646) Visual inspection 
The visual inspection in performed with the module located in the support structure, just before to 
introduce it in the lab. For this test, the main conditions are a good access to all parts of the module and an 
illumination higher than 1,000 lux (easy to reach with the day light).  
 
2.2.2 Test 10.2 (IEC 61215/IEC 61646) Maximum power determination 
The PV Mobile Lab incorporates a commercial tunnel-type solar simulator manufactured by PASAN, 
model SunSim 3c. This simulator is A+A+A+ class certified by TÜV Rheinland according to regulation 
IEC 60904-9 [9].  The solar simulator pulse is 10ms and its stability of irradiance during the pulse <±1%. 
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The maximum modules area is 2m x 2m and the uniformity of irradiance across the DUT area is better 
1%. The quality of the spectra is better than A class. 
 
 
 
(b) 
Fig. 2. (a) Top view of the PV Mobile Lab; (b) PV Mobile Lab operating in a large PV plant 
 
It is remarkable that the solar simulator keeps the same properties as installed in a stationary 
laboratory. For instance, the Fig. 3 shows the results of the spatial non-uniformity test conducted by 
manufacturer´s technicians during the site acceptance test, with the equipment installed in the lorry. The 
area analyzes is 2m x 1,6m, which is the range where the size of most of the commercial modules are 
included. During the test, a monitor cell is flashed at 1200 W/m2 in 64 equidistant positions and the Isc is 
monitored. The result of the test is a non-uniformity of 0,6%, much lower than 1%. 
 
2.2.3 Test 10.3 (IEC 61215/IEC 61646) Insulation test. 
The equipment to carry out the insulation test is a commercial electrical safety tester, SXS-50 by 
SEFELEC. The equipment is totally integrated in the software and database of the solar simulator. To 
shortcircuit the active circuit of the module, an electronic relay is used. Thus, is not necessary to open the 
laboratory to modify the connections to perform the insulation test. 
 
2.2.4 Infrared Thermography inspection. 
The IR inspection is performed with the modules in operation before or after rest of tests. This is the 
only test carried out outdoor, in essence, out of the laboratory. In the test, portable calibrated infrared 
cameras with 320 x 240 thermal image pixels and accuracy of 0.04 ºC are used. The test is performed with 
incident irradiance higher than 600 W/m2 in the modules plane, which is monitored with a calibrated 
irradiance sensor connected to a datalogger. 
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Fig. 3. 3D graph of the spatial non-uniformity test of the solar simulator installed in the PV Mobile Lab. The  values correspond 
with Isc at 1200 W/m2. 
 
2.2.5 Electroluminescence test. 
The equipment to conduct the electroluminescence test is a CCD camera installed in the internal ceiling 
of the truck. The sensor size of the camera is 1280 x 1024 pixels with 12 bits per pixel. The position of the 
camera and the specific lens (gran angular lens) allow obtaining a complete electroluminescence image of 
the modules. Fig. 4 presents an EL image captured in the PV Mobile Lab. The images are slightly curved 
duet to location of the camera and the characteristics of the lens, but do not affect to the resolution. 
 
3. Effect of the temperature control during maximum power measurement 
Focused in obtaining the highest accuracy in the maximum power measurements, the PV Mobile Lab 
has implemented a climate control system that keeps the module temperature at 25 °C to reduce errors due 
to extrapolation. This temperature control allows for accurate measurements in both winter and summer. 
This is a very important point to obtain a low uncertainty in the measurements as indicated in the 
following paragraphs.   
To check the effect of the module temperature during measurement, a simple experiment was 
conducted: 21 measurements of maximum power were performed in a multicrystalline reference module 
(reference value: 231.0 W) with the temperature varying in the range of 20 ºC to 32 ºC. Obviously, the 
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system was calibrated with the reference module at 25 ºC. Fig. 5 shows the percentage difference between 
the reference value and each measurement extrapolated to STC.  
 
 
 
 
 
 
 
 
 
 
 
Fig. 4. Electroluminescence image of a multicrystalline silicon module obtained with the PV Mobile Lab.  
 
4. Intercomparison with other laboratories  
The PV Mobile Lab has participated in two campaigns of intercomparison with other two laboratories 
located in Madrid, Spain: 
 
x  Enertis Solar, IEC 17025 accredited laboratory 
x CIEMAT laboratory  
 
The purposes of these campaigns were two: on the one hand ensure that the results are comparable 
with those obtained in an accredited laboratory, on the other hand, meet the requirements of good 
practices necessary for the future application of the IEC 17025 accreditation. 
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Fig. 5. 21 Maximum power measurements extrapolated to STC of a multicrystalline reference module (reference value, 231.0 W) 
with the temperature varying in the range of 20 ºC to 32 ºC.  
 
 
Table 1 contains the results of the intercomparison. The differences in the power measurements obtained 
with both laboratories used for the purpose of the comparison are within the range of 0.5%, muchlower 
than the uncertainties declared by both labs. 
One of the conclusions reached out of such results is that the measurements carried out by means of 
the PV Mobile Lab provide a quality assurance of the results comparable to those of the stationary 
accredited lab at Madrid. 
 
Table 1. Result of the intercomparison between the PV Mobile Lab and other two laboratories. 
G = 1000 W/m2 
T = 25 ºC 
PV Mobile 
Lab(W) 
Accredited 
Lab 
(Enertis Solar 
- Madrid) 
CIEMAT 
Difference PV 
Mobile Lab Vs 
Accredited lab 
Difference PV 
Mobile Lab Vs 
CIEMAT 
PV MODULE (W) (W) (W) (%) (%) 
poly-Si 238.2±2.6% 236.8±2.6% 237.1±2.5% 0.59 0.46 
mono-Si 167.1±2.6% 166.1±2.6% 166.3±2.5% 0.60 0.48 
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Apart from these campaigns carried out for intercomparison purposes, during the commissioning of the 
PV Mobile Lab, Enertis Solar has carried out numerous comparisons with its stationary accredited lab, 
systematically obtaining differences in the range of 0.5%. 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
Fig. 6. Percentage differences between maximum power measured with PV Mobile Lab and the manufacturer´s flash list.  
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5. Example of operation in large PV plants  
One of the most important advantages of the PV Mobile Lab is, obviously, the mobility. With this 
condition, the laboratory has traveled from Madrid (Spain) to UK to perform, within the commissioning 
tests of two large PV plants, the quality control 500 photovoltaic modules (250 each plant). The tests 
included in the quality control were: visual inspection, maximum power determination, insulation test and 
electroluminescence test. All the modules were tested in 2 weeks. 
The technology of the tested modules is multicrystalline silicon and the manufacturer and model are 
the same. The nominal maximum power is 250 W and the modules were exposed 1 month before test. 
The results observed in the Fig.6 show a large number of modules presenting maximum power lower 
than declared by the manufacturer. Here it is remarkable that those modules were exposed 1 month before 
tests, so the maximum power is reduced by the initial power degradation due to the LID (Light Induced 
Degradation). However, the average percentage difference with the manufacturer´s flash list is -0.75% in 
the PV plant (UK)-1 and -0.79% in the PV plant (UK)-2. 
Table 2 includes a summary of the rest of the test. 
 
Table 2. Summary of the tests included in the quality control (except maximum power measurement). 
Summary of tests  - PV plant (UK)-1 
10.1. Visual Inspection 10.3 Insulation test Electroluminescence test 
Pass Reject Defect rate Pass Reject Defect rate No defects Defects Defect rate 
249 1 0.4% 250 0 0% 230 20 8.0% 
 
Summary of tests  - PV plant (UK)-2 
10.1. Visual Inspection 10.3 Insulation test Electroluminescence test 
Pass Reject Defect rate Pass Reject Defect rate No defects Defects Defect rate 
247 3 1.2% 250 0 0% 201 49 19.6% 
 
6. Conclusions   
With the development of the PV Mobile Lab, on-site tests in PV modules with the same reliability of 
an accredited conventional laboratory can be performed directly in the PV plants. The main advantage is 
that production down-time due to modules disconnection is minimized, aside from eliminating any 
breakage risks due to transportation of the modules to the stationary laboratory. 
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The laboratory has implemented a climate control system that keeps the module temperature at 25 °C 
minimizing the uncertainty of the measurements. In this aspect, experiments indicate that more accurate 
measurements are obtained with the module temperature in the range between 23 ºC – 27 ºC. For this 
reason and with the purpose of increase the throughput of test samples a mobile preconditioning chamber 
externally attached to the truck is currently under construction. 
The PV Mobile Lab is currently operating in the Eurozone with satisfactory results. In this paper, as 
an example, the results of quality control of 500 modules are presented.  
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